Introduction
Agriculture is inherently sensitive to climate conditions and is among the sectors most vulnerable to natural disaster. In simple terms, according to , a natural disaster is a natural event with catastrophic consequences for living things in the vicinity. Natural disasters can be classified into hydro-meteorological and geophysical disasters , in which the former includes landslides, droughts, extreme temperatures and heat waves, floods, tropical cyclones, windstorms; and others (insect infestation and waves/surges), and the latter include earthquakes and volcanic eruptions (IFRC/RCS, 2003) .
In this paper, we explore the extent to which rice production in Vietnam is affected by natural disasters such as flood, drought, typhoon and landslides and how coping strategies lessen the negative effects of natural disaster. Our primary hypothesis is that natural disasters have negative impacts on rice production and coping strategies can lessen the negative effects of natural disaster to a certain extent. While many empirical studies have done so far on the effects of natural disaster, either at nation, region, community, household, and individual level or sector and crop level, such as Blaikie et al. (2014) , Loayza et al. (2012) , Kaplan (2010) , Ludwig et al. (2007) , De Haen and Hemrich (2007) , Sawada (2007) , Alderman et al. (2006) , Skidmore and Toya (2005) , , Fothergill and Peek (2004) , Das et al. (2003) , Pelling et al. (2002) , Jacoby and Skoufias (1997) , Deaton (1997) , Benson (1997) , and Long (1978) , and coping strategies as well such as Davies et al. (2013) , Briguglio et al. (2009 ), Fafchamps (2009 , Greiving et al. (2006) , Rose (2004) , Bruneau et al. (2003) , and Rosenzweig and Wolpin (1993) , little is known about the effects of natural disaster on rice production at the farm level (with an exceptional research of Israel and Briones (2012) for the case of the Philippnies at the provincial level). This is mainly due to a lack of suitable information.
The study focuses on the impact of natural disaster on rice production at the farm level in Vietnam for several reasons: Firstly, paddy rice (referred as rice in this paper for simplification) has played an important role in food security, agriculture, and rural development in the world in general and in Vietnam in specific. In Vietnam, rice accounts for more than three-quarters of the country's total annual harvested agricultural area and employs about two-thirds of the rural labor force. Because the scope of expanding arable land to increase production is limited (as a consequence of such as rapid industrialization and urbanization), natural disaster impacts and declining agricultural productivity could compound the risk of food insecurity and agricultural growth in Vietnam. Secondly, Vietnam is considered as one of the most affected countries in the world by climate change (World Bank, 2009 ). Thirdly, our data come from the Vietnamese Access to Resources Household Survey (VARHS) for 2008 and 2010 and include uniquely detailed information on farm-level rice production, and the various types of natural disaster, their time of occurrences, and their levels of severity on rice plots and these allow for the analysis of farm-level rice production and natural disaster.
Findings from the study can provide useful information for policy makers on the adverse effects of natural disaster on rice production and coping strategies in developing countries. If natural disaster results in the depletion of rice productivity, the government should have strong and effective policies and programs to reduce the adverse effects of natural disaster. Moreover, effective coping strategies to deal with the negative effects from natural disaster should be promoted and tailored more in a national framework to fight against natural disaster.
The study is expected to contribute to the literature of environmental economics and development economics in some ways. Firstly, it provides empirical findings on the impacts of natural disaster and of coping strategies on rice production that is still silent in most empirical literature so far. Secondly, it distinguishes between current and inter-temporal effects and occurrence and severity effects as well.
The remainder of the paper is organized as follow. Section 2 provides literature review and some relevant review of previously empirical studies. Section 3 presents data. Section 4 outlines the empirical approach used to explore these issues while Section 5 discusses the empirical findings. Section 6 concludes.
Data
The TheVARHS was carried out in rural areas of 12 provinces of Vietnam in the summer of each year. The survey was conducted during the same three-month period each year to ensure consistency and facilitating reasonable comparisons across time. The VARHS explores issues surrounding Vietnamese rural households' access to resources and the constraints that these households face in managing their livelihoods. Along with detailed information on farm-level rice production, the survey includes sections on natural disasters. After refining the dataset between 2008 and 2010, we obtain a balanced two-wave panel of 1,961 households involved in rice production.
Information on natural disaster are gathered by asking farms to name specific natural disasters from a list of natural disasters on each plot cultivated. The list of natural disasters includes flood, drought, typhoon, land slide. The questionnaire also includes an estimation of the loss that farm suffered from the natural disasters with respect to values of output lost on the plot in terms of Vietnamese Dong (VND). Table 1 provides a more detailed breakdown of natural disasters and their sub-categories among rice producers. Farms can cope with natural disasters in a variety of ways. Table 2 provides a brief description of each type of coping. While over time farms tend to be dependent more on selling land, livestock, assets, getting assistance from relatives or friends, government, NGO, borrowing from banks or relatives and using savings between 2008 and 2010, the less proportion of farms choose to reduce consumption in 2010 compared with 2008. Table 3 presents the crops of farmers in the 2008-2010 VARHS survey. Information collected on annual and perennial crop plots of 2008 indicates that rice is the highest frequency crop, followed by maize, cassava and coffee. Data for 2010 show that rice is still the most frequently planted crop, followed by maize, fruit trees, vegetables and cassava. There is a big difference in fruit trees between the two years of the survey, possibly because farmers responded to the food price decline in 2008. Table 3 also presents the value of crop production of farmers in the two years 2008-2010. In 2008, among the short-term crops, rice had the highest average farmer production value, about 13 million VND per year, followed by maize, and peanut. In 2010, the average production value of rice farmers is over 13 million VND per year, followed by maize and peanut. In general, in the two years 2008-2010, there was no significant change in the value of production and the hierarchy of short-term crops.
Review of Related Literature and Empirical approach
Most of related empirical works so far are on the impacts of natural disasters on agriculture in general, for example : Loayza, et al. (2009 , and Long (1978) . Loayza, et al. (2009) find that droughts and storms have negative impacts on agriculture while floods have a positive effect. argues that the predominant impacts of natural disasters on agriculture are negative. Long (1978) indicates that the negative effects are a powerful partial explanation of the lack of agricultural self-sufficiency in a large number of low income countries.
An exception is Israel and Briones (2012) , who use the Agricultural Multi-market Model for Policy Evaluation (AMPLE) to examine the impacts of natural disasters such as typhoons, floods and droughts on agriculture at the provincial level in the Philippines. They find that typhoons have a significant negative impact on paddy rice production at the provincial level.
Our empirical investigation focuses on: the extent to which natural disaster affects farmlevel rice productivity and the extent to which farms manage to cope with adverse effects of natural disaster within the framework of traditional Cobb-Douglas production function as illustrated by Te'o (1997) . We follow two stages of empirical investigations to explore these issues. First, we analyses the impacts of natural disaster on farm-level rice productivity. The relationship between natural disaster and the depletion of the farm productivity can be identified using a panel fixedeffects approach under certain assumptions. We exploit the panel dimension to our data by using a fixed effects model that controls for time invariant farm heterogeneity. Time varying farm characteristics are also included as control variables. The key explanatory variables of interest are the different types of natural disaster and the severity and persistence of these natural disasters. Our data facilitate the disaggregation of overall natural disaster into specific natural disasters, which are all exogenous to the model. Using a fixed effects estimation procedure will eliminate any time invariant unobserved heterogeneity while the inclusion of control variables for inputs to capture any remaining time varying heterogeneity. The full farm level fixed effects model we estimate is given by: Where: Yit is rice productivity (measured by tons per hectare and in natural logarithm form as used in, for example, Yu et al. (2010) );
LABit, LANDit, CAPit, MATEit represents a vector of farm production inputs (such as labor (total of working days), land (arable land for rice cultivation), capital (annual capital investment), and intermediate costs for rice cultivation. These variables are in natural logarithm form. Economic theory said that higher rice yields are characterized by higher input usage (labor, land, capital, and intermediates such as fertilizer) during the production process; NAT j it (j=1,2,3) are zero-one dummy variables indicating natural disaster occurred in survey year (t), one year before (t -1) and two years before (t -2), respectively. If the current natural disaster resulted in a loss in yield of rice, we would expect the coefficient on this term to be negative and statistically significant (the current occurrence effect); and if the past natural disaster resulted in a loss in yield of rice, we would expect the coefficient on these terms to be negative and statistically significant (the inter-temporal occurrence effect); LOSS j it (j=1,2,3) are variables indicating total loss from natural disaster on rice plots occurred in survey year (t), one year before (t -1) and two years before (t -2), respectively. These variables are in natural logarithm form; NATLOSS j it (j=1,2,3) are variables indicating interactions between natural disaster and total loss (in natural logarithm form) from natural disaster on rice plots occurred in survey year (t), one year before (t -1) and two years before (t -2), respectively. If natural disasters are severe, resulted in a loss in yield of rice, we would expect the coefficient on these above interaction terms to be negative and statistically significant (the current severity effects, respectively); NATLOSS21it, is interaction between natural disaster at last year (t -1) and total loss (in natural logarithm form) from natural disaster on rice plots occurred at current year (t); and NATLOSS31it and NATLOSS32it are interactions between natural disaster occurred two years ago (t -2) and total loss (in natural logarithm form) from natural disaster on rice plots occurred at current year (t) and last year (t -1), respectively. If natural disasters are severe, resulted in a loss in yield of rice, we would expect the coefficient on these above interaction terms to be negative and statistically significant (the inter-temporal severity effects); t represents time dummies, ui is a farm specific fixed effect and it is the farm random error term. We assume that regional differences which control for rice productivity variations and across regions are subsumed within the farm fixed effect while the time dummies control for changes in technology over time.
We explore model (A) into four sub-models: (a) Model 1a with natural disaster, (b) Model 2a with natural disaster, loss, and interactions between natural disaster and loss, (c) Model 1b with specific natural disasters such as flood, drought, typhoon and land slide, (d) Model 2b with specific natural disasters such as flood, drought, typhoon and land slide, their respective losses, and their interactions between specific natural disasters and their respective losses.
At the second stage, our analysis is further extended to consider the extent to which coping strategies may serve to lessen the depletion of farm productivity. We consider seven types of coping strategies, namely: (1) 'reduced consumption', (2) 'sold land, livestock, assets', (3) 'got assistance from relatives or friends', (4) 'got assistance from Government', (5) 'got assistance from NGO', (6) 'borrowed money from bank, others', and (7) 'used savings'. A specified model is as follows: 
Where:
j it, and COPLG2 j it (j=1,2,3,4,5,6,7) are zero-one dummy variables indicating seven specific coping strategies conducted in survey (t), one year before (t -1) and two years before (t -2), respectively. If copping strategies help to lessen the depletion of rice productivity in the event of a natural disaster, we would expect the coefficient on these interaction terms to be positive and statistically significant (the positive current coping-occurrence effects); if not, the coefficients can be negative and statistically significant (the negative current copingoccurrence effects). COPNAT j it, COPNATLG1 j it, and COPNATLG2 j it (j=1,2,3,4,5,6,7) are interactions between natural disaster and seven specific coping strategies in survey (t), one year before (t -1) and two years before (t -2), respectively. If copping strategies help to lessen the depletion of rice productivity in the event of a natural disaster, we would expect the coefficient on these interaction terms to be positive and statistically significant (the positive inter-temporal coping-occurrence effects); if not, the coefficients can be negative and statistically significant (the negative intertemporal coping-occurrence effects).
We explore model (B) into four sub-models: (a) Model 3a with natural disaster, coping strategies, and interactions between natural disaster and coping strategies, (b) Model 4a with natural disaster, loss, their interactions, coping strategies, and interactions between natural disaster and coping strategies, (c) Model 3b with specific natural disasters, coping strategies, and interactions between specific natural disasters and coping strategies, (d) Model 4b with specific disasters, loss, their interactions, coping strategies, and interactions between specific disasters and coping strategies.
Outliers are always hidden in the questionnaire survey. In this study, we suspected outlier observations on the variables of rice area, rice yield, and rice yield of farmers. With these three variables we cannot apply the conventional method to identify and eliminate outlier observations, so we use bacon command in Stata to identify multivariate outliers (Weber, 2010) . After removing outliers, we obtain a two-wave panel dataset of 3922 observations.
During the regression analysis, multi-collinearity and heteroskedasticity are examined and the results show that there is no multi-collinearity and no evidence of unequal variance. In addition, we present the regression results after the procedure for eliminating natural disasters related variables that do not pass the statistical significance test at the common levels.
Empirical Results
The summary statistics presented in Section 2 help to motivate the central research questions of this paper concerning the impact of natural disaster on farm-level rice production. As discussed in Section 3, there are two parts to our empirical investigation of these issues. First, we estimate a fixed effects model of the impact of natural disaster on farms' rice productivity. Second, we focus on the impacts of coping strategies to farms' rice productivity under natural disaster to gain an understanding of the extent to which coping strategies are effective. Table 4 Table 5 shows that that from less than 1 per cent to 18 per cent of rice cultivating firms suffered natural disaster between 2007 and 2010. At a disaggregated level, in 2007 we find that less than 1 per cent of farms suffered one form of natural disasters such a flood, drought, typhoon, and landslides, while in 2009-2010, flood occurred at 5-6 per cent, drought sometimes at 9 per cent, typhoon at 3 per cent, and landslides at 1 per cent.
4.1.Statistic description
The losses as a result of natural disaster varies considerably over time. As revealed in Table  5, 
Natural disaster effects on rice productivity
The results of the fixed effects model of the effects of natural disaster on farm-level rice productivity are presented in Table 6 . First, we determine whether farms suffering any type of natural disasters experience a statistically significant reduction in rice productivity (the current and inter-temporal occurrence effects). Second, we further investigate to which extend the level of severity by natural disaster affect farm-level rice productivity by taking into account the loss from natural disaster and by interacting natural disaster incidence and the loss from natural disaster (the current and inter-temporal severity effects). Third, we disaggregate the natural disaster measure into its specific forms such as flood, drought, typhoon, and landslides to explore how each specific category of natural disasters influences rice productivity over time (the current and inter-temporal occurrence effects). Four, we further examine the level of severity by specific natural disasters affecting farm-level rice productivity by taking into account the loss from specific natural disasters and by interacting specific natural disaster incidence and the loss from respectively specific natural disasters (the current and inter-temporal severity effects). In all steps, controls for traditional determinants of rice productivity such as labor, land, capital investment, and intermediate costs and other factors such as recovery from prior shocks (to control for persistence) and time dummies (to control for technology change over time) are included. Table 6 shows, in the second last row of it, that the fixed effects model is preferred than the OLS model. In addition, Hausman test in the last row of the table indicating that the random effect estimator is consistent (due to non-zero covariance between residuals and explanatory variables) is rejected. Therefore, we have to rely upon the fixed effect estimator. Table 6 presents two main parts of estimation results. The first is related to factor variables, and the second all about natural disasters' effects. Although our main concerns are the second, we say somethings about the factor variables. Since production and inputs are measured in their logarithmic forms and are continuous, all the estimated parameters are the elasticities of these inputs. Yield elasticities with respect to household labor is about 0.09, highlighting the important role of labor in four models. An additional 1 percent working day use (proxied by working days) could increase the yield by 0.09 percent. Intermediates also have a sizable effect on rice yield, and an additional 1 percent intermediates use (proxied by intermediates costs) could increase the yield by 0.05 percent in four models. Annual capital investment is not significant in four models. Land has significantly negative effects on yield in four models. A possible explanation is the arable land size is small (on average, 0.45 ha in 2008 and 0.39 ha in 2010 in our sample and see Markussen (2015) for more description on this issue). Small land size can prevent farmers from mechanization or benefit from economies of scale. Another explanation is the fragmentation of land that also constraints the effectiveness of land use (see, for example, Markussen (2015) ).
Regarding to the effect of natural disasters, Model 1a in Table 6 reveals that natural disaster within the last two years have a negative effect on rice productivity (the negative inter-temporal occurrence effect), which proves to be consistent with past studies (Israel and Briones, 2012; , while natural disaster at the survey year has no significant effect). Average rice yields among farms with natural disaster in last year are considerably lower than those with no natural disaster in the current year by 4.9 percent. In addition, average rice yields among farms with natural disaster in two years ago are considerably lower than those with no natural disaster in the current year by 6.9 percent.
Taking the total loss from natural disaster into account, we find that natural disaster with severity in all time swing of consideration (the survey year, last year and two years ago) do have a significantly negative effect on rice productivity in Model 2a (the negative inter-temporal severity effect). Specifically, a 1 percent loss due to natural disaster in the last year could decrease the yield by nearly 0.01 percent. In addition, a 1 percent loss in the current year due to natural disaster in the last year could decrease the yield by nearly 0.02 percent. Moreover, a 1 percent loss in the last year due to natural disaster in two years ago could decrease the yield by nearly 0.03 percent.
Disaggregating the natural disaster into its specific forms (Model 1b) we find that two types of natural disasters such as flood and typhoon at the survey year have a negative effect on rice productivity (the negative current occurrence effect), which appears to be consistent with past studies (Israel and Briones, 2012; . Average rice yields among farms with flood in the current year are considerably lower than those with no flood in the current year by 10.5 percent. In addition, average rice yields among farms with typhoon in the current year are considerably lower than those with no typhoon in the current year by 32.3 percent.
A further step to take total loss into consideration (Model 2b) by interacting specific natural disasters with their respective losses reveals that both drought and land slide with severity serve to deplete rice productivity over time (the negative inter-temporal severity effect), which appears to be consistent with the study of Israel and Briones (2012) for the Philippines. Average rice yields among farms with drought in the last year are considerably lower than those with no drought in the last year by 57.4 percent. Furthermore, a 1 percent loss in the last year due to drought could decrease the yield by nearly 0.1 percent. Last but not least, a 1 percent loss in the last year due to landslide in two years ago could decrease the yield by nearly 0.09 percent. 
Coping strategies and rice productivity
The results of the fixed effects model of the effects of coping strategies on farm-level rice productivity are presented in Table 7 . First, we determine whether coping strategies conducted by farms suffering any type of natural disasters help to reduce the negative effect of natural disaster on rice productivity (the current and inter-temporal coping-occurrence effects). Second, we further investigate whether coping strategies conducted by farms help to reduce the negative effect of natural disaster on rice productivity by` taking into account the level of severity by natural disaster (measure by the loss from natural disaster) and by interacting natural disaster incidence and the loss from natural disaster (the current and inter-temporal coping-severity effects). Third, we investigate whether coping strategies conducted by farms help to reduce the negative effect of a specific natural disaster on rice productivity by using information on specific natural disaster on rice plots (the current and inter-temporal coping-occurrence effects). Four, we further examine whether coping strategies conducted by farms help to reduce the negative effect of a specific natural disaster on rice productivity by using information on the severity of specific natural disaster (the current and inter-temporal coping-severity effects). In all steps, controls for traditional determinants of rice productivity such as labor, land, capital investment, and intermediate costs and other factors such as recovery from prior shocks (to control for persistence) and time dummies (to control for technology change over time) are included. As a step to determine whether fixed effects model or OLS one is preferred, Table 7 shows, in the second last row of it, that the fixed effects model is preferred than the OLS model. In addition, Hausman test in the last row of the table indicating that the random effect estimator is consistent (due to non-zero covariance between residuals and explanatory variables) is rejected. Therefore, we have to rely upon the fixed effect estimator.
While selling productive means such as land, livestock, assets as a coping strategy has been discussed in, for example, Fafchamps (2009) in general case, and Rosenzweig and Wolpin (1993) for the case of India, Model 3a reveals some mixed results from selling productive means. On the one hand, selling productive means such as land, livestock, assets in the last year can reduce rice productivity at current year (the negative inter-temporal coping-occurrence effect). On the other hand, selling productive means such as land, livestock, assets in the two years ago can increase rice productivity at current year (the positive inter-temporal coping-occurrence effect). This is further confirmed when taking into account the severity of natural disaster in Model 3b (both the positive and negative inter-temporal coping-occurrence effects of selling productive means).
On top of that, disaggregating the natural disaster into its specific forms, both the positive and negative inter-temporal coping-occurrence effects of selling productive means) is confirmed (Model 4b). In addition, the negative inter-temporal coping-occurrence effect from using savings at the point of two years ago is confirmed (Model 3b and 4b) . Findings from theoretical models by Zeldes (1989) , Kimball (1990) , studies by Deaton (1992) for developing countries, and Udry (1994) in Nigeria suggest that savings (especially for poor rural households) appear to be a preemptive response to income shocks rather than a long-term investment decision. Thus, a plausible explanation is using savings in the past may deplete the productivity through a shortage of financial resource at the current time.
We did not find significant coping evidence of borrowing money from bank, assistances from relatives, NGOs, and government. 
Conclusions
Rice production in Vietnam faces severe challenges from natural disaster. In the current paper, we examine the consequences of natural disaster on rice production of Vietnamese farms by examining the impacts of natural disaster and coping strategies as well on rice productivity. We exploit the panel dimension to the dataset of rice production with 3,922 households by using a fixed effects model that controls for time invariant farm heterogeneity. Time varying farm characteristics are also included as control variables.
When natural disaster variable in general is used, we find that natural disaster within the last two years have a negative effect on rice productivity (the negative inter-temporal occurrence effect). Taking the total loss from natural disaster into account, we find that natural disaster with severity in all time swing of consideration (the survey year, last year and two years ago) do have a significantly negative effect on rice productivity (the negative inter-temporal severity effect).
Disaggregating the natural disaster into its specific forms, we find that two types of natural disasters such as flood and typhoon at the survey year have a negative effect on rice productivity (the negative current occurrence effect). Taking total loss into consideration, estimation reveals that both drought and land slide with severity serve to deplete rice productivity over time (the negative inter-temporal severity effect).
With regarding to coping strategies, selling productive means such as land, livestock, assets have both the negative inter-temporal coping-occurrence effect and the positive inter-temporal coping-occurrence effect, depending the length of occurrences. With regarding to savings as a source of coping, we find the negative inter-temporal coping-occurrence effect. We did not find significant coping evidence of borrowing money from bank, assistance from relatives, NGOs, and government.
Based on its results and findings, the study recommends the following: (i) Since specific natural disasters may have significantly and differently negative impacts on rice production at the farm level, assistance for rice farmers and the agriculture sector as a whole should be made more site and crops-specific; (ii) the findings provide evidence for the importance of financial resources in support for farms in rice production where natural disaster occur. Savings act as important buffers in the face of natural disaster in the short run but in the long run using savings as coping may lead to lower rice productivity given that it results in a shortage of financial resource at the current time, (iii) Coping with selling productive means has both the negative inter-temporal coping-occurrence effect and the negative inter-temporal coping-severity effect, thus it suggests that farms should rely on other available types of coping rather than deplete rice productivity in the long run.
